Adults with attention-deficit/hyperactivity disorder (ADHD) exhibit variable impairments on executive function (EF) tasks. Due to this variability, ratings of EF (rather than tasks) have been proposed as an alternative method that better captures symptom severity and impairment among adults with ADHD. However, few studies have jointly examined performance across multiple neuropsychological domains and EF ratings as predictors of severity and impairment among adults with ADHD. Adults (N ϭ 273) ages 18 -38 years (M ϭ 22.6 years, 55.3% male, 62.2% with ADHD) completed a comprehensive diagnostic and neurocognitive assessment, which included self and informant ratings of ADHD symptom severity and EF and tasks of arousal/activation, response inhibition, set shifting, interference control, and working memory. Hierarchical linear regression models indicated that tasks of arousal/activation and response inhibition uniquely predicted ADHD symptom dimensions and related impairments. Over and above EF task performance, EF ratings of time management significantly predicted increased inattention (␤ ϭ .209, p Ͻ .001, ⌬R 2 ϭ 3.9%), whereas ratings of restraint predicted increased hyperactivity/impulsivity (␤ ϭ .259, p Ͻ .001, ⌬R 2 ϭ 6.4%). Furthermore, EF ratings of time management, restraint, and emotion regulation incrementally accounted for variance in relationship, professional, and daily living impairments over and above EF task performance (⌬R 2 range ϭ 1.7-7.7%). Results may help refine neurobiological theories and assessment of adult ADHD.
Attention-deficit/hyperactivity disorder (ADHD) is a neurodevelopmental disorder characterized by age-inappropriate overactivity, impulsivity, inattention, and disorganization (American Psychiatric Association, 2013) . Although ADHD is often first identified in childhood, longitudinal studies have demonstrated that ADHD symptoms and associated impairments persist into adulthood for many individuals (Barkley, 2002; Faraone et al., 2000; Kessler et al., 2005; Mannuzza & Klein, 2000) . Theories regarding the etiology of ADHD have often relied on neuropsychological conceptualizations of the disorder (Barkley, 1997; Sergeant, Guerts, Huijbregts, Scheres, & Oosterlann, 2003; SonugaBarke 2002) , and, thus, a great deal of research has been devoted to empirical examination of neuropsychological functioning among individuals with and without ADHD. Performance on measures of executive functioning (EF) in particular (i.e., component processes such as inhibition, working memory, resistance to distraction, self-awareness, emotional self-control, and self-motivation; see Barkley & Murphy, 2011) has become crucial in the assessment of youths and adults with ADHD (Mahone et al., 2002; Toplak, Bucciarelli, Jain, & Tannock, 2009 ).
Despite common use of EF measures in assessment of ADHD, empirical work examining the role of executive functions and other neuropsychological processes in the etiology of ADHD has produced mixed results. Moderate effect sizes for EF deficits in childhood ADHD have been found, with the strongest and most consistent effects for measures of response inhibition, vigilance, spatial working memory, and planning (Willcutt, Doyle, Nigg, Faraone, & Pennington, 2005) . Further, EF deficits may simply reflect the underlying severity of dysfunction among youths with ADHD and not necessarily component etiologies (Nikolas & Nigg, 2013) . Indeed, only about 50% of children with ADHD demonstrate impairment on one or more EF task, suggesting that disruption in the frontal-striatal neural circuitry underlying these domains may represent one of many causal pathways underlying the development and maintenance of ADHD (Nigg, Willcutt, Doyle, & Sonuga-Barke, 2005) .
Past work has consistently documented impairments in performance measures of executive functioning among youths with ADHD, but it appears that effects are somewhat less consistent among adults with the disorder. Initial work has reported a continuation of EF deficits among adults with ADHD (Gansler et al., 1998; Sandson, Bachna, & Morin, 2000) . More recent work has suggested that EF deficits may persist into adulthood even when ADHD symptoms do not (van Lieshout, Luman, Buitelaar, Rommelse, & Oosterlaan, 2013) . However, results have been inconsistent, as other work has failed to find any EF deficits among adults with ADHD (Johnson et al., 2001; Weyandt, Lint-erman, & Rice, 1995) . In fact, one study estimated that only about 30% of adults diagnosed with ADHD appear to have EF deficits when measured by performance-based tasks (Brown, 2006) , and the predictive validity of EF performance on any one task appears to be poor (Boonstra, Oosterlaan, Sergeant, & Buitelaar, 2005) . Several factors may account for these disparate results regarding the role of EF deficits in adult ADHD, including IQ (Antshel et al., 2010; Jung, Yeo, Chiulli, Sibbitt, & Brooks, 2000; Mahone et al., 2002) and methodological inconsistencies across studies (e.g., size of battery and domains assessed; see Woods, Lovejoy, & Ball, 2002 ). Yet, taken together, the current state of the field indicates support for the persistence of EF deficits into adulthood for at least some individuals with ADHD.
Measuring EF Impairments in Adulthood
Variable findings regarding the role of EF in adult ADHD have led some to question whether or not traditional EF behavioral tasks are actually the best way to measure these processes. First, the predictive validity of individual-level impairments on any one task for determining diagnosis has been poor (Barkley & Fischer, 2011; Boonstra et al., 2005; Schoechlin & Engel, 2005) . For example, Barkley and Fischer (2011) found that EF tasks shared less than 4% of the variance with ADHD symptom severity, indicating that performance on EF tasks did not significantly predict the severity of ADHD symptoms and therefore might not be a valid indicator for identifying ADHD. Second, EF tasks may be problematic because they were not originally developed to assess EF domains specifically (Burgess et al., 2006; Lezak, 2004) . For example, prior association between deficits on these tests and prefrontal cortex injuries led to the assumption that these tasks were measuring EF, even though it was possible that they were measuring multiple EF domains or included EF as well as other cognitive processes (Burgess et al., 2006) . Third, it is unclear how time-limited performance-based EF tasks capture long-term organizational behavior (Barkley & Fischer, 2011) . Last, EF tasks tend to show low ecological validity in adults (Barkley & Fischer, 2011; Torralva, Gleichgerrchy, Lischinsky, Roca, & Manes, 2013) , such that performance deficits may not translate to performance in other reallife situations related to the same brain processes (Chaytor, Schmitter-Edgecombe, & Burr, 2006) . Without ecological validity, impairments in executive function observed on EF tasks in a laboratory setting may be of limited clinical importance (Chaytor et al., 2006) .
If traditional EF behavioral tasks are not the optimal assessment method, what are the potential alternatives? EF rating scales have been proposed as a more reliable, ecologically valid method for assessing EF deficits among adults (Barkley & Fischer, 2011; Barkley, Fischer, Smallish, & Fletcher, 2006; Chaytor et al., 2006; Kurowski et al., 2013; Torralva et al., 2013) . Barkley and Murphy (2011) proposed that ratings of executive function deficits might better capture deficits in the long-term, goal-directed cognitive processes and therefore be more relevant for understanding impairment among these individuals. Several studies using EF ratings have found reliable differences between adults with ADHD and their non-ADHD counterparts, with large effect sizes (Barkley & Murphy, 2011; Biederman et al., 2007; Toplak et al., 2009) , considerably larger than the moderate effect sizes regularly documented with EF tasks . Additionally, ratings of EF may be better able to capture impairments in occupational functioning and major life activities of adults with ADHD (Barkley & Murphy, 2010) .
Relationship Between Executive Function Tasks and Ratings
Despite the potential benefit of EF ratings, there are several limitations to note. First, few studies have concurrently examined the predictive power of EF tasks versus EF ratings in adults with ADHD. Barkley and Fischer (2011) found that EF ratings were more strongly associated with impairment in major life activities than were EF tasks. Of importance, though, past work has demonstrated little correspondence between EF tasks and EF ratings (Barkley & Fischer, 2011; Bogod, Mateer, & Macdonald, 2003; Toplak, West, & Stanovich, 2013) or has found that EF tasks correlate with informant (but not self-report) ratings of EF (Burgess, Alderman, Evans, Emslie, & Wilson, 1998) .
The low convergence of EF tasks and EF ratings suggests that these measures may be tapping into partially distinct constructs, resulting in more questions regarding their combined utility for understanding ADHD symptomatology and impairment among adults. Further, the use of ratings for both ADHD symptoms and EF deficits may artificially inflate relationships between these measures due to shared method variance. For example, factor analytic work has indicated that a single factor accounted for over 70% of the common variance among subscales on EF ratings and that this factor was highly correlated with reports of ADHD symptoms (Barkley & Murphy, 2011) . Thus, the sole use of ratings of EF may serve to overestimate the relationship between EF performance and ADHD among adults and therefore potentially introduce bias when making clinical decisions.
Given ongoing questions regarding the utility of tasks versus ratings, our purpose in the current study was to examine the concurrent contribution of behavioral measures of EF tasks and EF self-and informant ratings in predicting ADHD symptoms and impairment among young adults. Further, we aimed to extend upon past work in this area by (a) implementing a battery of classical EF tasks, as well as a task measuring other neuropsychological processes relevant to ADHD (i.e., arousal/activation and response variability), and (b) implementing methods for reducing artificial inflation of the relationship between EF ratings and outcomes due to shared method variance. Given past work, we hypothesized that both EF ratings and EF tasks would uniquely predict ADHD symptoms among adults. However, we also predicted that EF ratings would be particularly important in explaining the variance in ADHD-related impairments.
Method Participants
Participants included 273 young adults ages 18 -38 years (M ϭ 22.6 years, SD ϭ 4.6, 55.3% male). Participants were recruited from the local community via multiple sources including advertisements in local newspapers, e-mail listservs, and advertisements and outreach to local psychiatry and mental health clinics. Individuals with a confirmed or suspected history of ADHD as well as those with some or no history of these symptoms (but that still met This document is copyrighted by the American Psychological Association or one of its allied publishers.
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other inclusion and exclusion criteria) were targeted for recruitment. We utilized multiple recruitment strategies in order to obtain as broad and representative sample as possible, while avoiding some of the inherent biases associated with relying on a purely clinic-referred group (e.g., high proportion of males, higher comorbidity rates). Similar to the surrounding area, participants were primarily Caucasian (85.7%). Ratings of current annual income were distributed as follows: under $20,000 (29.1%), $20,000 -$40,000 (16.2%), $40,000 -$60,000 (11.9%), $60,000 -$80,000 (7.9%), $80,000-$100,000 (11.5%), and $100,000 or more (23.4%). Of participants, 16.5% had completed high school, whereas 50.1% had completed some college, and 32.9% had completed an associate's degree, bachelor's degree, or advanced degree.
Diagnostic Procedures
Each participant completed a 3-hr laboratory visit, which included administration of a semistructured diagnostic interview to assess current and childhood symptoms of attention-deficit/hyperactivity disorder. The interview was constructed to assess current and childhood symptoms of attention-deficit/hyperactivity disorder, based upon work by Kessler et al. (2010) and modeled after the Adult ADHD Clinical Diagnostic Scale (Adler & Cohen, 2004) . The interview assessed all 18 Diagnostic and Statistical Manual of Mental Disorders (5th ed.; DSM-5; American Psychiatric Association, 2013) ADHD symptoms (9 inattention and 9 hyperactive-impulsive items that included adult-specific wording as specified in DSM-5) as well as 9 additional sluggish cognitive tempo items. The interview also assessed an additional 14 non-DSM items that have been previously examined in adults with ADHD and have been found to be relevant in predicting ADHDrelated impairments in this population (see Kessler et al., 2010) . Interviewers assessed the frequency and severity of current and childhood ADHD symptoms as well as the persistence of each behavior across multiple contexts (e.g., at home, at school/work, during leisure time), and they gathered information on exemplar behaviors in order to rate the overall presence or absence of each symptom. Following the diagnostic interview, participants completed a neurocognitive testing battery, which included measures of IQ, academic achievement, and neuropsychological functioning (see below). Following the visit, participants completed questionnaires online via Qualtrics. These included rating scales of current and childhood ADHD symptoms, ratings of executive functioning, and ratings of ADHD-related impairments (see below for a description of these measures). Additionally, participants provided contact information for up to 2 additional individuals to serve as informants (e.g., parents, roommates, friends, romantic partners, employers). These individuals also completed ADHD rating scales, EF ratings, and impairment ratings. Seventy percent (n ϭ 191) of the participants had reports from at least one informant.
To determine final diagnosis, we presented all self and informant data to the principal investigator (M. A. Nikolas) to determine presence of childhood and current ADHD diagnosis in accordance with DSM-5 criteria. These data included current and childhood symptom severity data (self-report on the interview and questionnaires, informant report on questionnaires) and history of prior diagnosis and treatment (assessed via questionnaires and at the end of the diagnostic interview so as not to bias interviewers as they completed the assessment). Both a childhood and a current diagnostic subtype were assigned based upon appropriate symptom thresholds (6 for childhood, 5 for present functioning) using an "or" algorithm (i.e., a symptom was counted as present if it was endorsed by the participant or by their informant). Further, based upon past work regarding longitudinal instability in subtype (Lahey, Pelham, Loney, Lee, & Willcutt, 2005) , individuals were classified as ADHD-Combined presentation if they ever met criteria for that subtype.
The final sample was composed of 170 adults with ADHD and 83 adults without ADHD. Of those with ADHD, 95 were classified as ADHD-Combined presentation (55.8% of ADHD group), 65 were classified with ADHD-Primarily Inattentive presentation (38.2% of ADHD group), and 10 were classified with the ADHDPrimarily Hyperactive-Impulsive presentation (5.8% of the ADHD group). Twenty adults presented with subthreshold (n ϭ 4 current or 5 childhood symptoms) or situational ADHD symptoms (present only in one context) based upon self and informant ratings. These individuals were excluded from analyses examining group differences but were retained in all analyses utilizing dimensional measures of ADHD symptoms, EF ratings, and impairment.
Exclusion criteria. Exclusion criteria were assessed via participant self-report on an eligibility screen conducted by phone prior to the visit. Participants were excluded if they were not proficient in English (based on self-report of fluency and familiarity, with reading, writing, and speaking English). Participants were also required to have normal or corrected-to-normal vision and hearing and no motor impairments that could inhibit completion of tasks. Participants with a history of Tourette's disorder, schizophrenia or psychosis, or autism spectrum disorder were also excluded.
Measures
ADHD symptoms. ADHD symptoms were evaluated via participant and informant report on the Barkley Adult ADHD Rating Scale-IV (BAARS-IV; Barkley, 2011a) . Participants rated their current inattentive and hyperactive-impulsive symptoms on a 1-4 Likert scale (never, sometimes, often, very often) . Reliability and validity of the BAARS-IV have been established (Barkley, 2011a) . Internal consistencies for the BAARS-IV scales in the current sample were adequate (Current Inattention Self ␣ ϭ .921, Current Hyperactivity Self ␣ ϭ .887, Current Inattention Informant ␣ ϭ .920, Current Hyperactivity Informant ␣ ϭ .889). Self-report data were available for all 273 participants, whereas informant reports were available for 191 participants. Crossinformant correlations were moderate (rs ranged from .38 to .60, p Ͻ .01). Therefore, mean composite scores of self and informant ratings of inattention and hyperactivity-impulsivity were computed. In cases where informant report was not available (n ϭ 82), only self-report was used. These composites were used in all subsequent analyses.
Executive function ratings. Participants and their informants completed the Barkley Deficits in Executive Functioning Scale (BDEFS; Barkley, 2011b) . The 89-item-long form version assesses executive problems within five domains: time management problems, organizational problems, self-restraint problems, selfmotivation problems, and emotion regulation problems. Participants rated each item on a 1-4 Likert scale (never, sometimes, often, very often) . Some example items include "Fail to meet This document is copyrighted by the American Psychological Association or one of its allied publishers.
deadlines for assignments," "Have difficulty motivating myself to stick with my work and get it done," and "Can't seem to remember what I previously heard or read about." Internal consistencies for all subscales were high (time management problems self ␣ ϭ .96, informant ␣ ϭ .97; organizational problems self ␣ ϭ .95, informant ␣ ϭ .94; self-restraint problems self ␣ ϭ .97, informant ␣ ϭ .96; self-motivation problems self ␣ ϭ .94, informant ␣ ϭ .95; emotion regulation problems self ␣ ϭ .97, informant ␣ ϭ .98).
Within-person and within-method correlations for EF were high (rs ranged from .50 to .80, all ps Ͻ .001). Therefore, to reduce the artificial relationships between EF ratings and ADHD symptom ratings due to method and source variance as well as to capture variance unique to each EF rating domain, we regressed each EF subscale on the EF rating total score for both self and informant reports. This strategy was selected given past work showing that a single factor best explained common variance among the subscales and the high correlation between this factor and reports of ADHD symptoms . Means of the self and informant residual scores for each of the five subscales (time-management problems, organizational problems, restraint problems, motivation problems, emotion regulation problems) were used for all subsequent analyses.
ADHD-related impairments. Participants and their informants also completed the Barkley Functional Impairment Scale (Barkley, 2011c) , which quantifies the magnitude of impairment due to ADHD symptoms across 15 different life domains (e.g., at home with friends, at school, at work, in social relationships, in dating/marital relationships, managing money). Participants rated problems in each domain on a Likert scale from 0 to 9 (0 ϭ not impaired at all; 9 ϭ extremely impaired). Internal consistency for the measure was high (self ␣ ϭ .88, informant ␣ ϭ .81). To reduce the number of impairment domains, we conducted maximum likelihood factor analysis on the 15 items, revealing 3 factors with eigenvalues Ͼ 1.0, accounting for 82.1% of the variance in ratings. Examination of factor loadings revealed a relationship impairment factor (family problems, dating/marital relationship problems, friend problems, sexual problems, child-rearing problems), a professional impairment factor (educational problems, occupational problems, community activity problems), and a daily living impairment factor (money management problems, driving problems, chore completion problems, daily responsibility problems, selfcare problems, health problems). Mean scores of self and informant ratings for each of the three impairment domains were retained for all analyses.
Neurocognitive Testing Battery
Following the diagnostic interview, all participants completed a testing battery that included measures selected to cover a range of component processes of executive functions (i.e., inhibition, working memory, interference control) as well as nonexecutive neuropsychological processes relevant to ADHD (e.g., response variability, arousal; see Nikolas & Nigg, 2013) . All tasks were administered in a fixed order across participants. All participants taking stimulant medication completed a 24-to 48-hr washout prior to neurocognitive testing (M washout time ϭ 46.2 hr, SD ϭ 18.3 hr). Thirty-three percent of the sample was currently taking prescription medication (47.6% of the ADHD group), consistent with prior work documenting stimulant medication rates in community samples (Jensen et al., 2001) .
IQ. The two-subtest version of the Wechsler Abbreviated Scale of Intelligence (WASI; Wechsler, 1999) was administered to estimate full-scale IQ.
Academic achievement. The Wide Range Achievement Test (WRAT-4; Wilkinson & Robertson, 2006 ) was used to screen for academic difficulties in reading, written expression, and mathematics.
Memory span and verbal working memory: Digit span. The digit span subtest from the Wechsler Adult Intelligence Scale-Fourth Edition (WAIS-IV; Wechsler, 2008) was used to measure verbal working memory. On this task, participants are asked to recall a series of aurally presented digits. In forward span, they recalled the digits in order. In backward span, they recalled the digits in reverse order. On sequencing, they recalled the digits in numerical order. The span of digits for all trials increases, beginning at 2 and ending at a series of 9 digits. Participants completed each section until they fail to correctly complete two trials of the same span of digits. Raw scores on the forward (memory span), backward (verbal working memory), and sequencing (verbal working memory) trials were retained for analyses.
Interference control: Color-Word Interference. This subtest from the Delis-Kaplan Executive Function System (DKEFS; Delis, Kaplan, & Kramer, 2001 ) was administered to assess interference control; it is similar to the classic Stroop task. Participants completed four trials. On the first trial, participants were presented with a series of color patches on a page and instructed to name the colors out loud without skipping any or making any mistakes (Color Naming). The second trial involved reading the color names, again as quickly as possible without making mistakes (Word Reading). On the third trial, participants were presented with color names printed in different-colored ink and instructed to say the color of the ink and avoid reading the word (Inhibition; similar to the interference trial in the classic Stroop paradigm). On the last trial, participants were again presented with color names printed in different-colored ink; some names were inside of boxes. They were instructed to name the color of the ink for ordinary items but to read the word (Inhibition/Switching) for those inside boxes. The total completion times for each trial (Color Naming, Word Reading, Inhibition, and Inhibition/Switching) were retained for analyses.
Response inhibition: Stop Task. The Stop Task (Logan, 1994 ) was administered to assess response inhibition; it requires the suppression of a prepotent motor response. During this choice reaction time task, participants saw a circle or a square on a computer screen and responded rapidly with one of two keys to indicate which letter they had seen (called Go Response trials). On 25% of trials, a tone sounded shortly after the shape was displayed, indicating that participants were to withhold their response. A stochastic tracking procedure was used; stop signal reaction time (SSRT) was computed as an index of how much warning each participant needed to interrupt a response. Trials were presented across 4 blocks. SSRT was calculated by subtracting the average stop signal delay from the average Go Response time (Logan, 1994) .
Signal detection (arousal): Continuous Performance Task. The Conners' Continuous Performance Task (CPT), Version II (Conners & MHS Staff, 2002) , was administered to assess vigilance and sustained attention. A series of letters appeared rapidly on a visual display, and participants had to press the spacebar on This document is copyrighted by the American Psychological Association or one of its allied publishers.
the keyboard for every letter presented with the exception of the letter X. Stimuli were presented continuously for 20 minutes, with a varying interstimulus interval (1 s, 2 s, or 4 s). Omission and commission errors were calculated and then used to compute d prime (d=), a sensitivity index expressed in units of standard deviation. A higher d prime score traditionally indicates greater sensitivity in distinguishing the targets (all non-X letters) from the nontargets (X letters). Additionally, indices of reaction time variability and overall reaction time were retained for analyses. Reaction time variability. Two measures were retained as measures of response variability. These were the within-person variability of the reaction time on the Go Response trials from the Stop task and the variability score from the Conners CPT.
Processing speed and set shifting: DKEFS Trailmaking Task. The DKEFS Trailmaking task (Delis et al., 2001 ) was administered to assess cognitive-control and set-shifting abilities. Participants completed five conditions. Visual Scanning, required participants to scan two pages of numbers and letters, while marking only the number 3. The second trial, Number Sequencing, required participants to connect a series of numbers, in order (sequencing 1-16). The third trial, Letter Sequencing, again required examinees to connect a series of letters, in alphabetical order (sequencing A-P). The fourth trial then required participants to alternate sequencing between numbers and letters across two pages (e.g., connecting 1-A-2-B, etc.). The fifth and final trial, Motor Speed, instructed examinees to connect open circles along a path as quickly as possible. The total completion times for number sequencing and letter sequencing (processing speed), number-letter sequencing (set shifting), and motor speed were retained for analyses.
Data Analysis
Missingness was minimal in the current study (less than 3.8% on all measures). Group differences in variables and computation of descriptive statistics were first examined with t tests and chi-square tests in SPSS Version 21. Bivariate correlations were then used to assess associations among key variables (i.e., ADHD symptom dimensions, EF tasks, EF ratings, impairment scores). Hierarchical multiple linear regression analyses were conducted to address our key questions. The first set of analyses examined ADHD symptom dimensions as outcomes, with EF tasks and each EF rating domain included as concurrent predictors. The second set of analyses examined EF tasks and ratings as predictors of each impairment domain (e.g., relationship impairment, professional responsibility impairment, daily living impairment). To address issues of multiple testing, we employed Bonferroni corrections for each family of tests (adjusted alpha level of .05/5 ϭ .01).
Results

Demographic and Descriptive Statistics
Demographic and descriptive statistics are presented in Table 1 . Results indicated that our diagnostic procedures were effective in This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
discriminating the control group from the ADHD group. As expected, the ADHD group had significantly higher symptom counts for all symptom domains measured (p Ͻ .001). Although the two groups did not differ significantly in gender and ethnicity composition, the ADHD group was significantly older than controls (p Ͻ .001). Additionally, compared with the control group, the ADHD group reported significantly more problems in all EF domains as measured by the BDEF Self-Report and BDEFS Informant Report (p Ͻ .001), as well as in relationship functioning (p Ͻ .001), professional functioning (p Ͻ .001), and managing daily responsibilities (p Ͻ .001). Next, we examined differences between the control participants and adults with ADHD on performance on neuropsychological tasks (see Table 2 ). As can be seen there, adults with ADHD were significantly slower on EF measures of interference control, set shifting, and motor speed than were controls. Robust differences between adults with and without ADHD also emerged on a measure of response inhibition, as well as on nonexecutive measures of arousal (CPT d=, p ϭ .018) and response variability (p ϭ .015). No group differences were observed on measures of speeded sequencing and verbal working memory.
Bivariate Correlations
As in past work , bivariate correlations revealed several specific relationships between inattention and EF task performance, including worse sequencing (r ϭ Ϫ.142, p ϭ .019) and slower interference control (r ϭ .156, p ϭ .010) and motor speed (r ϭ .143, p ϭ .018). Reaction time variability on the CPT was specifically related to increased hyperactivity (r ϭ .172, p ϭ .005) but not inattention (r ϭ .043, p ϭ .479). Arousal/ activation as indexed via the CPT detectability value was negatively and significantly related to inattention, hyperactivity, and total ADHD (rs ranged from Ϫ.222 to Ϫ.240, p Ͻ .001), indicating that poorer discriminability was related to increased symptomatology. Similarly, slower SSRTs were positively related to all symptom domains (rs ranged from .235 to .304, p Ͻ .001), indicating that poor inhibition was also related to increased symptomatology.
Consistent with past work, the majority of correlations between EF tasks and residual scores from EF ratings were not significant. However, a few significant relations did emerge. Report of problems with restraint was related to slower times on measures of interference control (r ϭ .140, p ϭ .023) and increased variability in reaction time on the CPT (r ϭ .166, p ϭ .007). Ratings of problematic organization skills were related to slower set shifting (p ϭ .04), slower motor speed (r ϭ .126, p ϭ .039), and increased variability in reaction time on the Stop Task (p ϭ .007).
Hierarchical Linear Regression Models
Hierarchical linear regression models were used in order to examine neuropsychological task performance and EF ratings as predictors of both ADHD symptomatology and impairments. Covariates were entered first and included gender, age, ethnicity, medication use, and full-scale IQ. The effects of the neuropsychological tasks were entered next, followed by the residuals of each EF rating domain (i.e., mean of self and informant residual scores on time management, organization, restraint, motivation, and emotion regulation).
In all models, only two of the neuropsychological task measures remained unique predictors of both ADHD symptom dimensions and impairments. Both the CPT detectability score, indexing arousal/activation, and the SSRT from the Stop Task, indexing response inhibition, uniquely contributed in predicting inattention total symptom score (CPT ␤ ϭ Ϫ.177, p ϭ .002; SSRT ␤ ϭ .155, p ϭ .01) and hyperactivity-impulsivity total symptom score (CPT ␤ ϭ Ϫ.192, p ϭ .002; SSRT ␤ ϭ .162, p ϭ .011). That is, better arousal (as indicated by improved performance in distinguishing targets from nontargets or higher d= value) was related to lower symptomatology, whereas poor response inhibition (as indexed by higher SSRT) was related to increased reports of inattention and Note. ADHD ϭ attention-deficit/hyperactivity disorder; s ϭ time in seconds; ms ϭ millisecond; CPT ϭ Continuous Performance Task; RT ϭ reaction time; SSRT ϭ stop signal reaction time. This document is copyrighted by the American Psychological Association or one of its allied publishers.
hyperactivity-impulsivity. All other EF measures did not significantly predict ADHD symptom dimensions or any of our three impairment scores. ADHD symptom dimensions. EF ratings for time management and restraint were unique and significant predictors of ADHD symptom dimensions (see Table 3 ). More specifically, EF ratings for time management significantly and uniquely predicted inattention over and above neuropsychological task performance (␤ ϭ .209, p Ͻ .001), indicating that more problems with time management predicted increased reports of inattention. Of importance, measures of response inhibition (SSRT ␤ ϭ .158, p ϭ .007) and arousal/activation (d= ␤ ϭ Ϫ.195, p Ͻ .001) remained significant predictors of inattention, even after time management was added to the model. By contrast, problems with restraint uniquely predicted hyperactivity-impulsivity (␤ ϭ .259, p Ͻ .001), although measures of arousal/activation also remained significant (␤ ϭ Ϫ.166, p ϭ .005).
Impairment ratings. In regard to tasks, only the non-EF measure of arousal/activation remained a significant predictor for all impairment domains. By contrast, executive functioning ratings displayed additional predictive value of impairment. As seen in Table 4 , report of increased time management problems was predictive of having more professional impairments (␤ ϭ .294, p Ͻ .001) and more problems with daily responsibilities (␤ ϭ .23, p Ͻ .001) even after EF tasks were entered into the model. Additionally, poorer emotion regulation specifically predicted increased relationship problems (␤ ϭ .145, p ϭ .014). Surprisingly, restraint was also uniquely predictive of professional impairments, such that more difficulties with restraint was related to lower levels of professional impairment (␤ ϭ Ϫ.208, p Ͻ .001, ⌬R 2 ϭ 4.1%).
Secondary Checks
Specificity. In order to confirm that findings were specific to ADHD domains, we ran secondary analyses that added further covariates to the model to control for comorbid problems (i.e., reading problems, antisocial behavior, and anxiety). The pattern of all results remained the same, such that both measures of arousal/ activation and response inhibition as well as EF rating residuals continued to specifically predict ADHD symptom dimensions and impairment, even after correction for multiple tests.
Self versus informant ratings. In order to evaluate the generalizability of our findings, we conducted secondary analyses to examine the potential impact of informant (i.e., self versus informant ratings of executive function, symptom dimensions, and impairment) on the regression analyses. Of importance, all regression analyses remained significant when examining self and informant ratings separately, and they demonstrated the same pattern of effects as those obtained when using mean scores of self and informant ratings. Effect sizes regarding the impact of response inhibition and arousal on symptom dimensions and impairment were largely similar to those obtained in the primary analyses (⌬R 2 ϭ 6 -7% for symptom dimensions, 3-5% for ratings). However, effect sizes regarding the impact of executive function ratings on symptom dimensions and impairment were somewhat larger when we used informant ratings (⌬R 2 ϭ 3-8%) rather than selfreports (⌬R 2 ϭ 2-6%). Note. Only measures with p Ͻ .01 were interpreted due to Bonferroni correction. Covariates age, sex, ethnicity, medication status, and full-scale IQ were included in all models but are not shown for ease of presentation. ADHD ϭ attention-deficit/hyperactivity disorder; EF ϭ executive functioning; CPT ϭ Continuous Performance Task; SSRT ϭ stop signal reaction time. Note. Only measures with p Ͻ .01 were interpreted due to Bonferroni correction. Covariates age, sex, ethnicity, medication status, and full-scale IQ were included in all models but are not shown for ease of presentation. EF ϭ executive functioning; CPT ϭ Continuous Performance Task; SSRT ϭ stop signal reaction time.
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Sensitivity and Specificity
Tasks and ratings. Although the current analyses focused on prediction of dimensional ratings of symptoms and impairment, the relative utility of tasks and ratings in the clinical assessment of ADHD remains an important consideration. To that end, we ran analyses to examine the sensitivity and specificity of the neuropsychological tasks and the executive function ratings in predicting ADHD diagnostic status (any subtype). To do so, we assigned participants as being "task-positive" for each of the neuropsychological measures administered or "ratings-positive" for each subscale of the BDEFS. For a given task, participants were considered task-positive if their performance was at the 95th percentile of the control group or worse. Similarly, participants were considered ratings-positive if their BDEFS subscale rating (mean of self and informant) was above the 95th percentile of the control group. Using this metric, we then calculated the sensitivity and specificity in predicting ADHD diagnostic status (any subtype) for each task and subscale individually, for all tasks, for all ratings, and for the combination of tasks and ratings together. The overall sensitivity for all of the neuropsychological tasks in predicting ADHD diagnosis was .56, with a range of .11-.23 for each individual task, while the overall specificity for tasks was .70, with a range of .89 -.96 for each individual task. Similarly, the overall sensitivity for ratings was .57, with a range of .22-.38 for each individual subscale, and the overall specificity for ratings was .79, with a range of .87-.98 for each individual subscale. Thus, both tasks and ratings, when used separately, were able to accurately distinguish true control cases (as reflected by the high specificity) but were only moderately able to distinguish true ADHD cases (as reflected by moderate sensitivity). Such a pattern would clearly minimize false positives but would also result in a moderate number of false negatives. When we combined tasks and ratings together (i.e., counted as test-positive if any task or rating was above threshold), the overall sensitivity was .84 and the overall specificity was .44. Although this approach clearly increased the number of false positives, the greatest sensitivity in identifying ADHD cases was achieved when combining tasks and ratings.
Discussion
Although research continues to emphasize the role of neuropsychological performance, particularly executive functioning, in theories regarding the nature and development of ADHD (SonugaBarke, Bitsakou, & Thompson, 2010) , few studies have explored the relevance of alternative assessment methodologies among adults with the disorder. Our aim in the present study was to investigate the contribution of neuropsychological task performance, including both EF and non-EF-related indicators and EF ratings on the BDEFS in predicting ADHD symptom severity and related impairments in adults. This study used a broad battery of neuropsychological tasks as well as residual informant and selfratings of EF in order to reduce shared method variance. Overall, results indicated that neuropsychological task performance and ratings of EF each uniquely contributed to the variance in ADHD symptom severity and impairment. Although task measures of arousal/activation and response inhibition remained significant predictors of ADHD symptom dimensions, only arousal remained significant when predicting ADHD-related impairments. Findings are in line with past work indicating the persistence of EF deficits among adults with ADHD, particularly on tasks of response inhibition , as well as past work indicating that many adults with ADHD do not show uniform deficits across all EF tasks. Overall, it appears that neuropsychological tasks, particularly those measuring response inhibition and arousal, are important for capturing neuropsychological weakness among adults with ADHD.
Further, although findings indicated that both task performance and ratings predicted in an additive fashion, only certain EF ratings appeared to be relevant. In particular, problems with time management and problems with restraint uniquely predicted inattention and hyperactive-impulsivity, respectively. Most important, EF ratings displayed predictive value in measuring impairments over and above EF tasks (accounting for an additional 1.7-7.7% of the variance). Time management in particular appeared to be quite important in predicting both professional and daily responsibility impairments, whereas emotion regulation difficulties specifically predicted relationship problems. Of interest, problems with restraint were specifically related to fewer professional difficulties. A possible explanation for this unexpected finding is that a lack of restraint (i.e., making decisions impulsively, not able to inhibit emotions as well as others) may be advantageous in some professional circumstances, particularly those in which making quick decisions and taking risks are reinforced. For example, if an individual is willing to take an entrepreneurial risk and is successful, this lack of restraint will prove to be more advantageous for his or her professional life. In general, effect sizes from the current study regarding the relationship between EF ratings and impairment were large (Cohen's d ϭ 1.1-1.4) and comparable to past work (Cohen's d ϭ 1.57-1.78; see Barkley & Murphy, 2011) . The present study improved upon past research, however, by using residual scores of each EF rating subdomain in order to reduce artificial inflation of the relationship between ratings of symptoms and ratings of EF. Removal of that overlapping variance indicated that EF task performance and EF ratings both capture important aspects of ADHD, and, consistent with past work (Barkley & Fischer, 2011; Bogod et al., 2003; Toplak et al., 2013) , they were largely nonoverlapping, additive predictors.
The current findings provide additional support regarding the importance of examining the role of both task performance and ratings in predicting ADHD symptomatology and impairment among adults. Findings from the current work suggest that performance on neuropsychological tasks may be more sensitive in measuring moment-to-moment (short-duration) deficits and that measures of these momentary processes may be more relevant for understanding ADHD behavioral dimensions rather than impairments in other domains. That is, laboratory-based EF tasks may not be able to predict how well an individual performs on longterm tasks in real life, such as planning for a project that has no set deadline. Further, although ratings of EF (self-report and otherreport) may be more sensitive at measuring how moment-tomoment deficits play out over time, the lack of correspondence between tasks and ratings suggests that additional processes may be relevant for understanding the real-world impairments (e.g., temporal processing; see Sonuga-Barke et al., 2010) . Future work should aim to explore such possibilities. This document is copyrighted by the American Psychological Association or one of its allied publishers.
Implications
The current findings have several implications for assessment of ADHD among adults. First, consistent with past work, our findings indicated that performance on EF tasks may be more variable in adults than in children and that all EF domains may not be relevant for understanding neuropsychological weakness in adulthood. However, assessment of additional neuropsychological domains, particularly arousal/activation and response variability, appears to be extremely important for capturing deficits among adults with the disorder. Thus, flexible batteries that include EF and non-EF measures will likely be needed. Second, as it is unlikely that any one individual will show uniform deficits on every EF task, thus conducting assessments should also consider including EF ratings (both self and informant). In line with this, our sensitivity and specificity analyses indicated that combination of ratings and task performance resulted in the greatest sensitivity for detecting ADHD cases. Utilization of only one type of metric offered high specificity but low sensitivity, suggesting that multiple metrics are needed to increase sensitivity. Findings also indicated that certain EF ratings may be especially useful for understanding long-term, real-world impairments. Future work may want to explore developing additional executive and nonexecutive measures that can tap into the processes required for long-term, goal-directed behaviors, particularly time management, as deficits in these areas predicted ADHD symptom severity and both professional and daily living impairments.
Furthermore, understanding the types of EF processes that continue to contribute to ADHD symptomology and impairment in adulthood may help with refining neurobiological theories regarding the maintenance of the disorder across development (Nigg, 2012) . Our findings indicated that some neuropsychological performance domains (e.g., arousal, response inhibition) were robust predictors of ADHD symptom dimensions among adults, but others (e.g., working memory, processing speed, interference control) were not. The lack of strong relationships between EF task performance and ADHD symptoms may be due to maturation of the prefrontal cortex, one key brain region that underlies execution of executive function. That is, the association between EF task performance and ADHD symptomatology may decline as prefrontal circuitry matures and becomes more efficient. Supporting this notion, neuroimaging research has shown that although structural brain abnormalities may persist into adulthood (Castellanos et al., 2002) , executive functioning improves (Seidman, 2006) , further suggesting that individuals with ADHD exhibit a delay in prefrontal brain maturation (Shaw et al., 2007) .
In contrast, poor response inhibition emerged as a particularly salient predictor of ADHD symptoms among adults. In line with past work (Crosbie et al., 2013; Goos, Crosbie, Payne, & Schachar, 2009) , this may reflect the role of response inhibition as an intermediate phenotype for ADHD, or a potential cognitive marker of continued genetic influence on the disorder. Further supporting this notion, research has demonstrated that response inhibition is a familial marker for ADHD risk (Crosbie & Schachar, 2001) , such that unaffected siblings of children with ADHD are impaired (Bidwell, Willcutt, DeFries, & Pennington, 2007; Gau & Shang, 2010) , and there is a link between deficient inhibition and dopamine system genes (Cornish et al., 2005) . Thus, deficits in response inhibition may be more specifically related to the pathophysiology underlying ADHD, influencing how neural networks develop, than to the impairments (i.e., professional difficulties). Because of the vast heterogeneity of ADHD etiology and phenotypes, identifying these relationships will likely assist in refinement of mechanisms that contribute to the continuation of the disorder into adulthood.
Limitations
There are some limitations to note of the current research. Only self and informant ratings were used in the analysis, and it is possible that collecting other ratings (i.e., parent ratings of childhood, observer ratings of current functioning) would demonstrate stronger relationships. Use of these ratings is particularly important when considering our sample was largely self-selected and that symptom severity may bias retrospective self-reports of ADHD symptoms. Although missing data were low, 83 participants did not have informant-ratings, which may have resulted in an overestimate of the relationship between EF ratings and ratings of ADHD symptoms and impairments. This study used a comprehensive battery of neurocognitive tasks, but there could be additional neuropsychological domains that would be beneficial to assess (i.e., reward discounting and temporal processing) to understand the nature of impairment as well as the pathophysiology of the disorder among adults (Sonuga-Barke et al., 2010) . Our study also focused on one specific rating scale of EF, the Barkley Deficits in Executive Functioning Scale. There may be other relevant measures to consider in future research. Finally, this study examined impairments across a range of domains relevant to typical functioning, but past work has also demonstrated the relevance of EF ratings for predicting problematic behaviors, including criminality and externalizing problems (Barkley & Murphy, 2011) . Future research should consider impairments related to both normal and abnormal functioning. Despite these limitations, our large sample size, our methods for reducing shared method variance, and the concurrent examination of numerous tasks and ratings strengthened the current work.
Conclusion
In sum, the current study demonstrated that neuropsychological tasks measuring arousal/activation and response inhibition as well as ratings of EF contribute additively in prediction of ADHD symptoms and related impairment among adults. Future work examining the role of additional neuropsychological domains as well as multimodal assessment procedures will be crucial for improving diagnostic procedures and refining neurobiological theories regarding the etiology of the disorder.
